Introduction {#s0005}
============

Racial/ethnic health disparities have been a major focus in public health research for over two decades. In virtually all measures of population health, racial/ethnic minorities, especially African Americans, fare poorly compared with whites ([@bib10]). Investigating the mechanism of these health disparities is challenging because race/ethnicity in the United States is deeply intertwined with socioeconomic position (SEP), another major social determinant of health. Some argue that race/ethnicity is a surrogate for SEP because of the overrepresentation of racial/ethnic minorities in the lower strata of SEP ([@bib25]). However, many prominent scholars emphasize that SEP is a mediator, not a confounder, in the relationship between race/ethnicity and health ([@bib1], [@bib16], [@bib29], [@bib61]). Most studies have reported that racial/ethnic health disparities seldom disappear, though may diminish, after education and income are accounted for ([@bib1], [@bib61]), which suggests additional mechanisms. Occupation, another indicator of SEP, has been understudied in the context of racial/ethnic health disparities. This study explores the role of occupation in explaining racial/ethnic differences in all-cause mortality.

Race/ethnicity and socioeconomic position: why consider occupation? {#s0010}
-------------------------------------------------------------------

Early studies of health disparities compared mortality and morbidity across occupational groups ([@bib4], [@bib36], [@bib37]), clearly considering occupation as a marker of SEP. While this tradition continues in Europe, in the United States, studies on SEP and health rarely use occupation. Some researchers assert that occupation is simply a surrogate for education and income ([@bib40]). However, considering SEP as only a function of education and income has limitations when we investigate racial/ethnic health disparities. Citing racial differences in income within the same level of education as well as differential purchasing power of the dollar in racially segregated neighborhoods, [@bib28] point out that measures of education and income are incommensurate across ethnic groups. This measurement error, they argue, introduces systematic bias toward minimizing impacts of SEP in racial/ethnic health disparities. Kaufman et al. thus advocate for more comprehensive approaches to investigate the role of SEP in creating racial/ethnic disparities.

In this context, the concept of occupation is worth revisiting because it uniquely illuminates racial/ethnic differences in SEP not captured by education or income. The racial/ethnic distribution of workers within occupations varies considerably: minorities are underrepresented in management and professional jobs and overrepresented in service, production, transportation, and material-handling jobs ([@bib57]). Some of the uneven distribution may be explained by differences in education; however, even with identical educational credentials, racial/ethnic minorities are less likely to be offered a job ([@bib43]), spend more time looking for a job, accumulate less work experience over their career ([@bib56]), and earn less ([@bib23]). Within the same job, racial/ethnic minorities are more likely to be overqualified than whites ([@bib58]). These findings suggest that the link from education to occupation to income is not the same for whites and racial/ethnic minorities: the latter are more likely to be in jobs incommensurate with their educational attainment, and earn less than their white coworkers in the same job. Only using education and income as SEP indicators will not capture these incongruities.

How to incorporate occupation in race/ethnicity and SEP health disparities {#s0015}
--------------------------------------------------------------------------

As an SEP indicator, occupation has traditionally been operationalized as hierarchical categories (e.g., high-level non-manual, low-level non-manual, skilled manual, unskilled manual) (e.g., [@bib48]). While European studies have reported health gradients by occupational category, the US studies often do not find similar gradients using the US Census categories such as management, professional, service (e.g., [@bib18]; [@bib26]). [@bib8] declare that the Census classification categories are "not intended---and do not appear to be meaningful---as SEP measures" (p. 2883). Another traditional approach to occupation in health research is to see it as a source of harmful exposure. Researchers compare distributions of disease across occupations and identify potential causal factors ([@bib6]). Although it has made important discoveries of hazardous materials (e.g., lead, asbestos, and silica), this approach has not explicitly linked occupational exposure to SEP.

We argue that differential occupational exposure is a manifestation of SEP that cannot be captured by education or income, or adequately approximated by occupational categories. Considering occupational exposure as an aspect of SEP is especially important in examining racial/ethnic health disparities because evidence for *occupational* health disparities across race/ethnicity has started to accumulate. Hispanics have higher occupational mortality ([@bib51]), and racial/ethnic minorities are more likely to miss work because of a job-related injury or illness ([@bib53]). Workers in occupations with high proportions of African Americans are more likely to report fair or poor health ([@bib12]). Given that potentially hazardous jobs are often found in lower strata of SEP (e.g., construction, manufacturing, and transportation) and that these jobs are disproportionally held by racial/ethnic minorities ([@bib57]), these occupational health disparities by race/ethnicity suggest that occupational hazard exposure is a dimension of SEP, serving as a mediator between race/ethnicity and health.

Occupation is a source of not only hazardous exposure but also health-protecting resources, which are another manifestation of SEP. The most robust health-protecting characteristic of work is job control, the combination of having decision-making power and opportunities to learn and use new skills ([@bib27]). The difference in mortality and morbidity by occupational grade in the seminal Whitehall study ([@bib37]) were largely attributed to job control ([@bib35]), and since then numerous studies have reported significant associations of job control with a wide array of health and well-being ([@bib34], [@bib55]). High control jobs are generally found in higher strata of SEP such as management and professional occupations, in which racial/ethnic minorities are underrepresented ([@bib57]). The health-protecting effect of job control is thereby disproportionally experienced by white workers overrepresented in high SEP jobs, which may contribute to racial/ethnic health disparities.

In summary, the current US literature on SEP does not incorporate occupation; however, because occupational characteristics are experienced differently by race/ethnicity, examining them can clarify potential mechanisms that create racial/ethnic health disparities. While there is suggestive evidence, explicit examination of occupational characteristics as mediators is needed.

The current study {#s0020}
-----------------

We examine the role of two occupational characteristics---substantive complexity of work and physically hazardous conditions---in racial/ethnic differences in all-cause mortality. *Substantive complexity*, a construct derived by [@bib30], expands the concept of job control by incorporating inductive and deductive reasoning, information synthesis, critical thinking, and problem-solving skills to the original dimensions of job control, decision-making and skill utilization. A consistent body of literature has shown the association of high substantive complexity with not only better cognitive functioning ([@bib2], [@bib49]) but also fewer disabilities ([@bib21]) and lower mortality ([@bib39]). In contrast, a lack of substantive complexity, similar to low job control, is likely to act as a chronic stressor that triggers a prolonged activation of the sympathetic nervous system and hormonal reactions. The chronically activated system then adversely affects a wide range of physiological functions, from the cardiovascular system to immune responses ([@bib38]). *Hazardous conditions* in this study indicate the likelihood of being exposed to deleterious environmental factors such as extreme temperatures, distracting levels of noise, and substances that require personal protective equipment. High levels of exposure to these hazardous conditions suggest high risk for injuries ([@bib51]), respiratory diseases ([@bib7]), and various types of cancer ([@bib9]). Moreover, such hazardous conditions can also be chronic psychosocial stressors ([@bib3], [@bib41]) that activate the prolonged stress reaction.

In order to capture the wide-ranging effects of the two occupational characteristics, we examine all-cause mortality as the outcome of interest. The causal directed acyclic graph (DAG) for the study is presented in [Fig. 1](#f0005){ref-type="fig"}. We adopt [@bib31]'s assertion that belonging to a racial/ethnic group embodies a set of health (dis)advantages: that is, racial/ethnic differences in health emerge from "the dynamic social, material, and ecological contexts into which we are born, develop, interact, and endeavor to live meaningful lives" ([@bib31], p. 350). In [Fig. 1](#f0005){ref-type="fig"}, the direct arrow from race/ethnicity to death represents the effect of racial/ethnic group membership on mortality not mediated by the occupational characteristics. This path will be mediated by numerous factors (e.g., neighborhood characteristics, discrimination, and access to healthcare), including education and income as shown in parentheses and dotted arrows. In this study, however, we do not distinguish them individually. Similarly, we consider that oft-studied biomedical mortality risk factors (e.g., diabetes, hypertension), which vary by race/ethnicity ([@bib33]), lie on the causal pathway from race/ethnicity to death and also on the path from occupational characteristics to death ([@bib22]). Rather than removing their effects as confounders, we conceptualize that the effects of these biomedical mortality risk factors are subsumed in the direct and mediated paths described in [Fig. 1](#f0005){ref-type="fig"}. Focusing on the path from race/ethnicity to death through occupational characteristics, our goal is to quantify the proportion of racial/ethnic differences in mortality mediated by the two job characteristics.Fig. 1The directed acyclic graph (DAG) for the study. Solid lines indicate the associations examined in the current analysis, and dotted lines and constructs in parentheses indicate associations we assume to be subsumed in the direct and indirect effects from race/ethnicity to death. Arrows ending on another arrow indicate effect modification (e.g., race/ethnicity modifies the path from education to income).Fig. 1

Methods {#s0025}
=======

Participants and data collection {#s0030}
--------------------------------

This study used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a cohort study of community-residing adults (baseline age: 45--84 years old) initially free of clinical cardiovascular disease (CVD) ([@bib5]). The cohort was formed between 2000 and 2002 (participation rate of 60% among those eligible) with 6814 individuals; of those, five were not followed up for CDV incidence and mortality adjudication because they had experienced a CVD event before enrollment. The cohort included a wide range of occupations and four racial/ethnic groups, with minorities oversampled: whites (38%), Chinese Americans (11%), African Americans (28%), and Hispanics (23%).

Upon enrollment, the participants provided detailed information about health and sociodemographic information when they visited one of six field centers for examinations. This study uses the baseline and mortality data through December 2013 (median follow-up duration: 12.2 years). For this analysis, we excluded 310 participants who never worked outside home, 106 who did not provide occupational information, and 40 whose occupational information was not specific enough to be linked to job characteristic data (see below). Additionally, 11 participants who reported military service as their occupation were excluded because job characteristic data were not available for military personnel. Data from the remaining 6342 participants were analyzed in this study. The MESA study protocol was approved by the Institutional Review Boards of the six field centers and the sponsoring National Heart, Lung, and Blood Institute. This study was approved by the National Institute for Occupational Safety and Health (NIOSH).

Mortality adjudication {#s0035}
----------------------

After enrollment in MESA, in addition to biennial clinic visits, all participants were contacted by phone every 9--12 months for information about any medical event. If the participant died, the next of kin provided information on the date and cause of death at the time of next contact. In addition, the study staff reviewed the National Death Index to identify or confirm the participant's death. The follow-up time was calculated as the time between enrollment and either death, lost to follow-up, or the end of the study period.

Job characteristics {#s0040}
-------------------

Occupational information was collected in a self-administered questionnaire at baseline using four open-ended questions from the US Census (i.e., "For whom do you work?" "What type of business or industry is this?" "What kind of work do you do, or what is your job title?" and "What are your most important activities or duties?"). Those who were working at baseline reported their current job. In this cohort of older adults, 43% were no longer working: they were instructed to report their main occupation before they stopped working. The responses to the open-ended questions were coded by NIOSH using the Census 2000 Occupation 3-digit Codes. During the study period, 9.9% of the participants reported at least one job title that was different from the one reported at baseline. Because the impact of occupational exposure to health is likely to be long term, we used the occupation reported at baseline as a time-invariant variable. As a sensitivity analysis, we ran the same models excluding those who reported more than one occupation. There were no racial/ethnic differences in the proportion of participants who changed jobs (*χ*^*2*^=2.46, *df*=3, *p*=0.48).

The Census 2000 Occupation Codes were used to derive occupational exposures from the Occupational Resources Network (O\*NET) version 21, a database developed by the U.S. Department of Labor. The O\*NET provides detailed descriptive information on jobs in the US labor market ([@bib20]). Because of its wide range of measured characteristics, O\*NET has been used as a job exposure matrix ([@bib13]). For this analysis, we derived two characteristics, substantive complexity and hazardous conditions, using O\*NET variables.

Adopting the factor structure of [@bib20], we constructed *substantive complexity* scores as the mean score of 11 O\*NET items addressing job characteristics such as decision-making, information synthesis, inductive and deductive reasoning, and critical thinking. Cronbach's alpha for the 11 items was 0.96, indicating high internal consistency of the variables composing this construct. Each item had a potential response range from 0 to100. Because these scores do not have intrinsic meaning (i.e., there is no value over which the level of substantive complexity is health-protective), for the ease of interpretation of the regression results, we standardized the score with the mean of zero and the standard deviation of one. Higher scores indicated higher levels of substantive complexity, which was hypothesized to be protective of health.

*Hazardous conditions* was the mean score of 8 O\*NET items addressing traditional occupational hazards: sounds and noise levels that were distracting and uncomfortable, very hot (above 90 F) or very cold (under 32 F) temperatures, extremely bright or inadequate lighting, high places (e.g., working on poles, scaffolding, catwalks, or ladders), an environment that was not temperature controlled (i.e., without air conditioning), outdoors under cover, outdoors exposed to all weather conditions, and requirement of personal protective equipment. Cronbach's alpha for the 8 items was 0.95. Similarly to the substantive complexity score, hazardous condition scores do not have intrinsic meaning (i.e., there is no particular value under which the working condition is "safe"). Therefore, we standardized the score with the mean of zero and the standard deviation of one. Higher scores indicated more hazardous conditions. Job titles by the level of the two O\*NET measures can be found in [Supplemental Table 1](#s0105){ref-type="sec"}.

Race/ethnicity and other covariates {#s0045}
-----------------------------------

Each participant self-identified his/her race or ethnicity at baseline by answering a set of questions modeled on the 2000 US Census. Additional covariates included age at baseline, sex, nativity (born in one of the 50 states or not), and working status at baseline. Study site was also included as a confounder because the six sites had different racial compositions, recruitment strategies, and occupational compositions.

Statistical analysis {#s0050}
--------------------

Descriptive statistics, including person-years and rates of death, were tabulated by race/ethnicity. To examine differences in rates of death by race/ethnicity, we used the Cox proportional hazards model, with the two job characteristics (substantive complexity and hazardous conditions) as potential mediators while accounting for potential confounding of age at baseline, sex, nativity, working status at baseline, and study sites. We used a counterfactual framework of mediation (i.e., What if the independent variable or the hypothesized mediator variable took a different value? How does the counterfactual value change the overall result?) ([@bib47], [@bib59], [@bib60]). The analysis involves estimating two effects: the natural direct effect and the natural indirect effect. As the technical details are explained in [@bib59], here we describe the specific application of the mediation analysis in this study. The *natural direct effect* (NDE) is the hazard ratio (HR) between a racial/ethnic minority group and whites while the occupational characteristic is kept constant at the mean level for whites. In other words, NDE indicates what the white-minority difference in rates of deaths would be *if the minority group experienced the same job characteristic as whites*. The HR is attributed to racial difference in rates of death not mediated by the job characteristic. The *natural indirect effect* (NIE) represented another counterfactual: *what the difference in rates of death would be if all participants experienced whites' job characteristic on one hand and the minority group's job on the other*. The HR is interpreted as racial difference in rates of death mediated by racial difference in the occupational characteristic. The total effect of race/ethnicity on mortality is the sum of NDE and NIE. The mediation analyses were conducted using the SAS macro developed by [@bib59]. Because of some macro constraints, substantive complexity and hazardous conditions were analyzed separately, and each of the three racial/ethnic minority groups was compared with whites separately. While splitting the sample is not ideal, the subsamples were defined *a priori* based on racial/ethnic category. The findings may be statistically conservative because of smaller sample sizes. Potential interaction between race/ethnicity and occupational characteristics on death was included in all models. All analyses were conducted using SAS v.9.3 (Cary, North Carolina).

Results {#s0055}
=======

Average age of the study participants at recruitment was 61.9 years (SD=10.2), 50.9% were female, and 36.8% had a college degree or higher. Characteristics of the included MESA participants by racial/ethnic group are presented in [Table 1](#t0005){ref-type="table"}. While the effort was made to construct a cohort with an equal distribution of age and sex across racial/ethnic groups, Hispanic participants were on average slightly younger than whites and African Americans, the proportion of females was higher for African Americans, and the proportion of college graduates was lower for Hispanics and African Americans. Almost all Chinese Americans and two-thirds of Hispanics were born outside of the U.S. Nearly half of Chinese immigrants arrived in the U.S. as middle-age or older adults while most immigrants in other racial/ethnic groups migrated either as young adults or children. Racial/ethnic groups significantly differed on all study variables, including O\*NET job characteristic scores. Whites had a higher median score for O\*NET substantive complexity, and Hispanics had a higher median score for O\*NET hazardous condition.Table 1Characteristics of the study sample by race/ethnicity (n=6342). The numbers indicate the percentage within the racial/ethnic group unless otherwise noted.Table 1WhiteAfrican AmericanHispanicChinese AmericanBaseline characteristicN=2513N=1791N=1334N=704p-valueAge, years, mean (SD)62.37(10.20)62.05 (10.08)61.00 (10.26)61.68 (10.00)0.001Female50.754.947.847.3\<0.0001Foreign-born6.69.067.595.9\<0.0001Age at migration[a](#tbl1fna){ref-type="table-fn"}\<0.0001Unknown22.322.411.76.8 \<21 years old23.513.021.84.1 21--40 years old47.656.546.441.3 41--65 years old6.08.119.040.5 \>65 years old0.60.01.27.2Education\<0.0001 Less than high school4.412.042.322.2 Completed high school/GED16.218.720.415.4 Some college but no degree, technical school certificate, or associate degree28.535.026.820.1 Bachelor's degree, graduate or professional school50.934.410.642.4Working at baseline59.956.354.755.00.012Occupation\<0.0001 Management24.116.07.419.7 Professional33.226.112.426.3 Service6.318.928.014.4 Sales/Office24.418.217.019.0 Blue-collar12.020.835.220.6O\*NET Substantive complexity[b](#tbl1fnb){ref-type="table-fn"} 25th percentile score55.450.544.549.0 Median score65.760.550.660.7 75th percentile score69.366.761.067.4O\*NET Hazardous conditions[c](#tbl1fnc){ref-type="table-fn"} 25th percentile score12.513.011.912.6 Median score19.020.623.120.8 75th percentile score24.629.836.728.0[^1][^2][^3]

Among the 6342 participants, 893 deaths (14.1%) occurred during the study period. As shown in [Table 2](#t0010){ref-type="table"}, Chinese Americans had the lowest rate of death (6.8 per 1000 person-years), and African Americans the highest (14.8 per 1000 person-years). [Fig. 2](#f0010){ref-type="fig"} illustrates the unadjusted survival probability by race/ethnicity.Fig. 2Unadjusted survival probability by race/ethnicity.Fig. 2Table 2Deaths, person-years, and rate of death (95% confidence interval) per 1000 person-years by race/ethnicity.Table 2WhiteAfrican AmericanHispanicChinese AmericanOverallNumber of deaths36930116657893Person-years29732.420335.315616.78365.774050.0Rate per 1000 person-years12.414.810.66.812.1(95% confidence interval)(11.2, 13.7)(13.2, 16.6)(9.1, 12.4)(5.3, 8.8)(11.3, 12.9)

[Table 3](#t0015){ref-type="table"} presents the results of mediation analysis for the difference in rates of death between each of the racial/ethnic minority groups and whites, with job characteristics as mediators. Compared with whites, a 41% higher overall rate of death was seen in African-American participants (total effect: HR=1.41, 95% Confidence Interval \[CI\]: 1.19, 1.66). The NIE (HR=1.10, 95% CI: 1.04, 1.16) indicates that a 10% higher rate of death was attributable to the lower level of substantive complexity experience by African Americans compared with whites. This difference in rates of death attributable to racial difference in substantive complexity mediated 30% of the overall higher rate of death in African-Americans. The rate of death for Hispanics was not significantly different from that for whites (total effect: HR=0.88, p=0.39). Being Chinese American, on the other hand, was associated with a lower rate of death than being white (total effect: HR=0.59, p\<0.01), but the lower rate was not mediated by either of the occupational characteristics.Table 3Hazard ratios (HR) and 95% confidence intervals (CI) for the natural direct, indirect and total effects of racial/ethnic group membership on mortality mediated through O\*NET-derived job characteristics.Table 3Effect of belonging to a racial/ethnic minority group compared with whiteMediatorSubstantive complexityHazardous conditionsHR(95%CI)% mediatedHR(95%CI)% mediated**African American**Natural direct effect (NDE)1.28(1.08, 1.53)1.38(1.16, 1.63)Natural indirect effect (NIE)1.10(1.04, 1.16)30.1%1.03(1.00, 1.07)[a](#tbl3fna){ref-type="table-fn"}9.0%Total effect1.41(1.19, 1.66)1.42(1.20, 1.68)**Hispanic**NDE0.81(0.60, 1.10)0.86(0.65, 1.14)NIE1.09(0.97, 1.22)--1.02(0.98, 1.05)--Total effect0.88(0.67, 1.17)0.88(0.66, 1.16)**Chinese**NDE0.61(0.42, 0.88)0.64(0.44, 0.95)NIE0.96(0.83, 1.12)--0.94(0.88, 1.01)--Total effect0.59(0.40, 0.85)0.61(0.41, 0.89)[^4][^5]

Hazardous conditions did not have a significant mediation role for any of the racial/ethnic groups at the p\<0.05 level. However, for African Americans, the NIE approached statistical significance (HR=1.03, 95% CI: 1.00, 1.07, p=0.07); 9% of the higher rate of death among African Americans compared with whites was mediated by hazardous conditions.

Sensitivity analyses {#s0060}
--------------------

We assessed the robustness of our findings regarding assumptions we made in the causal DAG ([Fig. 1](#f0005){ref-type="fig"}). First, we assumed that the racial/ethnic group membership would influence education, and thus the effect of education was subsumed in the direct and indirect paths from race/ethnicity to death. However, if racial/ethnic differences in education did not exist in truth (i.e., observed differences were all measurement errors), education should be considered as a confounder. We ran the same mediation analysis on an alternative hypothesis that education is an additional confounder that influences both occupational characteristics and death. The results were largely the same for Hispanics and Chinese Americans, and the weak mediation of hazardous conditions for African Americans was attenuated to null (p=0.29). Their higher rate of death than whites was slightly attenuated (total effect: HR=1.34, 95%CI: 1.13, 1.59), but 13.9% of the higher rate was still significantly medicated by substantive complexity.

Another assumption was that the effect of income would be subsumed in the pathway from job characteristics to mortality because jobs with high substantive complexity and low hazardous conditions tend to pay higher wages. We also assumed the link from race/ethnicity to education to income, as shown in [Fig. 1](#f0005){ref-type="fig"}. If there were no true differences in income by race/ethnicity or by occupational characteristics, then income should be seen as a confounder. Controlling for income in these models revealed that the mortality risk difference between whites and African Americans was no longer significant (total effect: HR=1.17, 95% CI: 0.97, 1.40).

As for biomedical mortality risk factors such as obesity, diabetes, hypertension, dyslipidemia, we assumed that they were subsumed in both the direct pathway from race/ethnicity to death and the pathway from job characteristics to death. If these risk factors were true confounders, that is, if they were not the consequences of any social, economic, or occupational experience of racial/ethnic groups, and if the biomedical risk factors influence the occupational characteristics, then they should be considered as confounders. We re-ran our analysis controlling for these biomedical risk factors and found that the overall findings did not change very much. The mediation effect of substantive complexity for African Americans remained significant, explaining 24% of the higher risk in mortality than whites. The results of these sensitivity analyses can be found in the [Supplemental Table 2](#s0105){ref-type="sec"}.

Finally, we ran the mediation models excluding those who changed jobs during the study period. The results were virtually identical to those presented in [Table 3](#t0015){ref-type="table"}. We also ran the models using retirees only because the current workers may have reported post-retirement short-term jobs. This did not appreciably change the main results. The interaction between race/ethnicity on death was not statistically significant in any of the models, indicating that the association between the occupational characteristics and death did not differ by race/ethnicity.

Discussion {#s0065}
==========

This study examined the contribution of two occupational characteristics, both closely related to SEP, to racial/ethnic difference in all-cause mortality using data from a community-based, multi-ethnic cohort. Compared with whites, African Americans in our sample had a higher rate of death, and 30% of the elevated rate was explained by the lower levels of substantive complexity their jobs offered. Hispanic and Chinese Americans in our sample tended to have similar or lower rates of death compared with whites, but no mediation effects by substantive complexity were observed. We did not find evidence that occupational exposure to hazardous conditions mediates racial/ethnic difference in rates of death, except for a weak mediation for African Americans.

Potential mechanisms linking substantive complexity of work and mortality {#s0070}
-------------------------------------------------------------------------

Our finding of substantive complexity being associated with lower mortality is consistent with a previous finding from the National Longitudinal Survey of Mature Men ([@bib39]). Moore and Hayward considered substantive complexity as a buffer against "occupationally induced stress" (p. 36), but more recent studies suggest additional mechanisms. Substantive complexity of work has been associated with lower risk for dementia and cognitive impairment ([@bib32], [@bib46], [@bib50], [@bib54]). Given that cognitive impairment is a strong predictor for mortality ([@bib15]), these findings suggest that substantively complex jobs protect cognitive functioning in later life, which in turn reduces mortality risk.

Another possible mechanism is offered in the literature of organizational behavior. Parker and colleagues ([@bib44], [@bib45]) argue that if employees have opportunities to use a wide range of skills, they become proactive and self-efficacious. Proactive workers will "take initiative in improving current circumstances \[...\] challenge the status quo rather than passively adapt present conditions" ([@bib14], p. 436). Therefore, they may address health and safety concerns in the workplace, create problem-focused stress coping strategies (e.g., changing organizational practices that induce stressful situations), and eventually generate a healthier work environment for them. Self-efficacy has been long known to be vital to adopting and maintaining positive health behaviors ([@bib52]). The health-protective effect of substantively complex jobs may be mediated by positive health behaviors ([@bib17]), which may develop during working years and protect health even after retirement. However, in our analysis, after removing the effects of biomedical risk factors that are strongly related to health behaviors, the significant mediation effect of substantive complexity remained. This suggests that the mechanism though which substantive complexity protects health is multifaceted. Future studies should examine these and other possible pathways specifically.

Our findings suggest that the difference in rates of death between whites and African Americans could be reduced substantially if substantive complexity of their jobs were the same as whites. This illuminates at least two potential targets for change. First, substantively complex jobs should be equally available across races. Studies have documented that compared with whites with equal education, African Americans have difficulty securing employment commensurate with their qualifications ([@bib43], [@bib56], [@bib58]). Efforts to remove such inequalities may reduce mortality differences between whites and African Americans.

A second target for change is the nature of jobs in which African Americans are overrepresented, such as service, production, transportation, and material-handling occupations ([@bib57]). These jobs are often characterized by routinized tasks and little room for decision-making. In fact, *job simplification* (i.e., allocating decision-making, creativity, innovation, and problem-solving to managers, and only manual tasks to workers) has been a long-standing practice in various industries ([@bib44]) despite a large body of literature since the 1970s reporting negative consequences. These include turnover, absenteeism, and job dissatisfaction ([@bib19]; [@bib24]). Our finding adds elevated mortality. Designing jobs in which workers have opportunities to use their skills may help alleviate health consequences for all workers, and especially benefit African Americans who disproportionally hold simplified jobs.

Revisiting income and education in the context of racial/ethnic health disparities {#s0075}
----------------------------------------------------------------------------------

In the introduction, we argued that occupational characteristics be included as a manifestation of SEP. In our sensitivity analyses, we explored implications of controlling for education and income while analyzing the role of occupational characteristics in racial/ethnic health disparities. Controlling for education as a confounder showed a reduction in the difference in rates of death between whites and African Americans. However, for education to be a confounder, we would have to assume that there were no impacts of race on access, quality, or attainment of education. Since this is quite contrary to the current understanding of education gap between whites and African Americans ([@bib42]), education should not be considered as a confounder. If our society is able to eliminate racial inequalities in education, our findings suggest that racial health disparities may be reduced. Equal education is therefore an important target for intervention.

As for the role of income, our sensitivity analysis showed that if there were no true racial differences in income, and if income levels determined occupational characteristics, then there would be no racial differences in rates of death. Currently, race influences income in various ways (as indicated by the dotted arrows in [Fig. 1](#f0005){ref-type="fig"}): racial gaps in education ([@bib42]) and the same education not leading to similar jobs ([@bib43], [@bib58]) or the same earning ([@bib23]). Our results suggest that all these inequalities must be addressed in order to eliminate differences in rates of death between whites and African Americans.

Considering occupational characteristics together with education and income forces us to think explicitly how these conditions are linked with each other in creating racial/ethnic health disparities. By making various assumptions explicit, researchers will become more effective in illuminating intervention possibilities.

Nativity and health {#s0080}
-------------------

Hispanics and Chinese Americans in MESA tend to have a lower risk of death than whites, but we did not find evidence that either of the working conditions mediated the protective effect of belonging to these ethnic groups. There may be other job characteristics that contributed to their lower mortality risk. One issue to be considered in this particular sample is the large presence of immigrants among the Hispanic and Chinese American participants, a majority of whom migrated as adults. This may introduce ambiguity as to where the reported job was located and whether the O\*NET job characteristics, developed for the US workforce, could be accurately imputed to the job an immigrant held in the home country, even under the same job title. Factors specific to immigrants' experiences, such as cohesiveness within immigrant communities, healthy individuals' self-selection into migration, pre-migration resources, and economic advantages in post-migration life compared to those stayed in the home country, may play a protective role. In this study, we simply controlled for nativity and the age of migration, but immigrants' experience of working conditions must be examined in studies specifically focused on the topic with more precise occupational and personal history for each immigrant.

Limitations of the study {#s0085}
------------------------

A limitation of this study is the inability to examine the relationship between occupational characteristics and specific causes of death. Different occupational characteristics are likely to have different mechanisms by which they affect health, but our sample was too small for such analysis. Also, there was some measurement error related to our measures of occupational characteristics. For those who were still working, we were not able to identify if the reported occupation was the main job in life or a post-retirement job. For those who had left the workforce before the MESA study began, the duration since retirement was not asked. After retirement, occupational exposure is removed, and some impacts on health may eventually attenuate ([@bib11]), though others may persist (e.g., cognitive functioning, [@bib46]). We were not able to examine these dynamics surrounding retirement with this data. Job tenure was not available for retirees and many of the current workers, and thus we could not examine cumulative effects of working conditions. We also acknowledge that other working conditions may exist that should be considered as confounders (i.e., not causally influenced by race/ethnicity or by the two job characteristics in this study).

In this analysis, we assumed that the effects of biomedical mortality risk factors (e.g., diabetes, hypertension) were subsumed in the pathway from race/ethnicity to mortality and one from occupational characteristics to mortality, and thus we did not quantify the effects of these risk factors individually. Because clear racial differences in biomedical mortality risk factors exist, investigating them as health outcomes and examining the mediating role of occupational characteristics will help clarify racial health disparities and facilitate more targeted interventions.

Conclusions {#s0090}
===========

The strengths of this study lie in the diversity of the sample, including oversampled racial/ethnic minority groups, a wide range of occupations, and the inclusion of both workers and non-workers. By including participants who were no longer working at the time of enrollment, we were able to capture those who had left work potentially because of work-related health problems and thus avoided the healthy worker survivor effect.

We believe that the findings we present for whites and African Americans may have important implications for future research. Our finding that substantive complexity of work accounts for nearly a third of mortality risk differences between whites and African Americans indicates that work organization interventions may help reduce racial health disparities in mortality. This study thus demonstrated that when we consider SEP as a mediating mechanism of racial health disparities, incorporating occupational characteristics as part of SEP illuminates potential causes, and thus intervention possibilities, for racial/ethnic health disparities.

Disclaimer {#s0095}
==========

The findings and conclusions in this paper are those of the authors and do not necessarily represent the views of the National Institute for Occupational Safety and Health. This document has not been formally reviewed by the U.S. Environmental Protection Agency (EPA). The views expressed in this document are solely those of the authors, and the EPA does not endorse any products or commercial services mentioned in this publication.

Appendix A. Supplementary material {#s0105}
==================================

Supplementary material

This research was supported by contracts HHSN268201500003I, N01-HC-95159, N01-HC-95160, N01-HC-95161, N01-HC-95162, N01-HC-95163, N01-HC-95164, N01-HC-95165, N01-HC-95166, N01-HC-95167, N01-HC-95168 and N01-HC-95169 from the National Heart, Lung, and Blood Institute (NHLBI) and by Grants UL1-TR-000040 and UL1-TR-001079 from the National Center for Research Resources (NCRR). The authors thank the other investigators, the staff, and the participants of the MESA study for their valuable contributions. A full list of participating MESA investigators and institutions can be found at <http://www.mesa-nhlbi.org>. The information contained herein was derived in part from data provided by the Bureau of Vital Statistics, New York City Department of Health and Mental Hygiene. Occupational coding was funded by the National Institute for Occupational Safety and Health Intramural Funds (NORA FY08 CRN SLB8). This publication was developed under a STAR research assistance agreement, No. RD831697 (MESA Air), awarded by the U.S Environmental Protection Agency. AH was also supported by K99ES023498 from the National Institute of Environmental Health Sciences.

Supplementary data associated with this article can be found in the online version at [doi:10.1016/j.ssmph.2017.05.010](http://doi:10.1016/j.ssmph.2017.05.010){#ir0010}.

[^1]: Calculated for migrants only (n=1902).

[^2]: Score can range from 0 to 100, higher scores indicate higher levels of substantive complexity.

[^3]: Score can range from 0 to 100, higher scores indicate more hazardous conditions.

[^4]: Abbreviations: O\*NET, Occupational Information Network, HR, hazard ratio; CI, confidence interval; %mediated, proportion of the total effect mediated by the occupational characteristic. Notes. When indirect effect is not significant, %mediated is not estimated. All models were adjusted for age at baseline, sex, nativity, working status at baseline, and study sites.

[^5]: p=0.07.
